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SIMULTANEOUS STACK GAS SCRUBBING WASTEWATER PURIFICATION 


Introduction and Background 

About 1970 domestic supplies for possible fuel stopped 
increasing and demand went on escalating. Even more serious, 
the domestic oil supply didn't just level off, it began to 
decrease sharply in 1973, as shown in Figure 1.1. It cen be 
seen in Figure 1.2 that the United States electrical energy 
demand increased similarly to the total energy demand. With- 
out oil and gas availability, the demand must be met by coal 
and nuclear power. Figure 1.3 shows an estimate of the use 
of coal between 1970 and 1990. This value more than doubles 
in order to meet the electrical demand. To protect the environ- 
ment from the adverse effects of using all this coal, a high 
level of SO 2 scrubbing must be attempted in the Iftiited States. 
Prior to the energy crisis, the Environment Protection Agency, 
which was formed by Congress as a result of public pressure for 
cleaner environment, had forced reduction in almost all forms 
of pollution. In stack gas emissions of sulfur dioxide from 
electric generating plants the reduction was primarily from the 
use of low sulfur coal and oil. However, with the onset of the 
energy crisis a demand in the need for substitute energy sources 
for gas and oil, the pressure to utilize "dirty fuel" such as 
high sulfur coal and high sulfur oil increased. 

The Chemsoil Corporation has developed a process xi7hich we 
feel can economically reduce air pollution in plants using fos- 
sil fuels. The purpose of this test program was to develop 
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through laboratory scale tests the information required to pro- 
duce larger plants and to identify the technical problems 
involved with the scrubbing process. The Chemsoil process can 
be produced in several variations ; a) Once-Thru system which 
lowers the pH of the scrubbing water from minor depressions to 
a pH of about 2.5 under certain conditions, b) a recycle system 
using iron for catalytic oxidation of sulfurous acid to sulfuric 
acid allowing very large amounts of sulfur dioxide to be absorbed 
in a small portion of water, c) partial recycle system using 
municipal wastewater and iron as a scrubbing media followed by 
neutralization of the wastewater with lime to produce an iron 
hydroxide percipitation which when removed produces tertiary 
quality treated wastewater. The development of processes for 
removing the SO2 from stack gases and purifying municipal waste- 
water have developed along separate paths at the Chemsoil Cor- 
poration. One, the development of the sulfur dioxide permeater, 
and the other, the development of the Lin-Pro wastewater treat- 
ment system. 

SO2 Scrubber 

Early in 1969 the Chemsoil Corporation undertook the method 
of converting elemental sulfur to sulfurous acid which could be 
used with irrigation waters to aid in water permeability to the 
soil. The problem involved oxidizing elemental sulfur to SO2 
and absorbing the SO2 into the water to form consistent quality 
of sulfurous acid. 


Early in 1972 a successful method was developed using 
cyllntrlcal P.V.C. rings in an unflooded packed tower with 
counter current airflow to perform the scrubbing process. The 
company immediately began to produce what now is known as the 
Chemsoil SO2 permeater which can be found in eleven western 
states and a number of other countries for neutralizing the 
alkaline soil. It was realized at this time that the same 
method of absorption could be utilized for controlling stack 
gas emission from power plants. A short test program was pro- 
posed to the city of Los Angeles, and this program was carried 
out under the direction of Los Angeles City engineers at the 
Scattergood power plant in Santa Monica, California. 

Figure 4 shows a flow diagram and the measuring points 
for the SO2 Scrubber at the Scattergood Power Plant. The 
flue gas was the slip stream from the large exhaust stack which 
was then taken through the permeater by a turbine. The water 
inlets and outlets are also shown. Both city tap water and sea 
water were used in the test. 

Figure 5 shows the results of those tests in a liquid to 
gas ratio, commonly referred to L/G versus percent removal of 
S02. The test was run at 175 ppm SO2 level which is quite low. 

It can be seen that L/G of 50 is where the 1007o S02 removal 
occurs. This result may be skewed somewhat to the high L/G side, 
because with the gas flow rates of between 130-200 SCFM, the 
water flow rate required for complete removal is around 3 gpm 
which is approaching the point where total scrubbing is not 
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achieved because not enough water is available for complete 
packing coverage. 

Three problem areas were identified by Los Angeles City 
engineers. They were; 1) a plume was visible in the exhaust, 

2) gas reheat is required, and 3) there is a potential for 
plugging of packing material. Now, gas reheat is always a 
problem with a wet scrubber. No plugging was identified in any 
way during the Scattergood test nor in the test series completed. 
The visible plume was partly due to the spray system used to 
introduce the water in the tower. If gas reheat is used, no 
pltime xrould be visible. 

The conclusions of the report of the Scattergood test 
program were; 1) the recycle system was required in light of 
the national goal of zero discharge made by EPA, and 2) other 
systems are being developed so that further testing of the 
Chemsoil Unit was not required. 

About the same time that the permeater was being developed 
the Chemsoil Corporation developed the Lin-Pro wastewater 
treatment system, which basically uses sulfurous acid or sulfur 
dioxide to act as a wastewater treatment chemical in a physical 
chemical treatment system. A schematic of a Lin-Pro system is 
seen in Figure 6. The wastewater enters the Lin-Pro system, 
goes through a massarator, or grinding step to reduce the size 
of the particles in the wastewater. At that point, the liquid 
from the massarator is pumped to an acid mixing tank where sul- 
fur dioxide is added until the pH is reduced to about 2.5. 


LIN-PRO WASTEWATER TREATMENT 
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The pH is maintained at 2.5 by an automatic sensing device 
which regulates the flow of sulfur dioxide into the water. 

The amount of sulfur dioxide required to maintain this pH 
level is somewhere between 1% and 2 pounds per thousand 
gallons of wastewater processed. From there the liquid passes 
to an iron tank for further treatment. The acidified liquid 
flows through iron, in the form of normal scrap iron, and air 
is injected at the same time. During a short mixing time there 
is sufficient opportunity for the acidic water to put ferrous 
and ferric ions into the solution. Once a sufficient amount 
of iron has been picked up, the liquid flows from the iron tank 
into a neutralization tank where lime slurry solution is added 
to the liquid flow. The amount of lime used varies from 1% to 
2 pounds per thousand gallons also. The whole mixture is 
agitated vigorously for approximately fifteen minutes. A tho- 
rough mixing in the neutralization tank is required in order 
to produce the desired chemical floculate. At this point, the 
wastewater flows to the settling tank and the floculate is per- 
mitted to settle oxit in the tank. The principle flock at this 
point in time is ferric hydroxide, and because of the initial 
acidification and then neutralization, the zata potential has 
been found to run around zero, so that rapid settling is attain- 
able. After the settling has taken place the liquid flows into 
an aeration unit to make sure that the wastewater has the correct 
amount of dissolved oxygen before being discharged. After a 
short aeration time the final effulent is filtered to remove any 
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traces of suspended solids. Average test performances have 
demonstrated that the collform count can be reduced to less 
than 2.2 ppm per hundred millliters. Chemical and biological 
oxygen demands can be reduced up to 98%. Phosphate can be 
reduced nearly 100%. However, varying amounts of reduction 
have been attained for the nitrogen, and this is still one of 
the questionable points in the process. 

During 1974 Chemsoil Corporation and NASA engaged in 
technical discussions which culminated in June of 1975 with the 
contract award for the investigation of a simultaneous stack 
gas emission control and wastewater purification unit. Thus, 

SO 2 from a power plant stack gas emissions is used as the SO 2 
ingredient, (sulfur dioxide) in the Lin-Pro type system using 
the permeater as a means of separating the SO 2 in the gas stream 
and injecting it into the wastewater solution. 


Technical Requirements of the Contract 
Basically contract NAS 9<14639il can be broken into three 
segments; technology evaluation, laboratory investigation, and 
process sequence design. 
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TECHNOLOGY EVALUATION 


The Technology Evaluation was studied and it was decided 
that the NASA sponsored WESRAC program provided by the Univer- 
sity of Southern California would provide the most prolific 
amount of information abailable on this subject. 

A meeting was set up with Dr. Robert Mixer to determine 
which key words would be selected for the data bank interroga- 
tion. The major titles we selected for printout were a number 
of key words within the major titles. The major titles and 
number of hits received were as follows : 

1. Sulfur Dioxide - 1252 

2. Oxides of Nitrogen - 753 

3. Ozone - 260 

Copy of the print outs were sent to the NASA technical 
monitor in a review made by myself. We selected various hits 
which we felt were appropriate for our study and requested 
ESRAC to provide copies of the abstracts for analysis. The 
abstracts were studied and in cases of pertinent information, 
the entire article was acquired (translated if necessary) 
and studied. 

At this point we asked WESRAC to additionally run 
retrospectives on: 

a. Catalytic reactions of ozone 

b. Calcium Sulfate, ferrous oxide and 
ferric oxide solubility 


The same procedure relative to hits knd acqulstion of 
pertinent information was followed as above. WESRAC data 
bank search was drawn from the chemical abstract data base. 

In addition the National Technical Information Service 
Division of U.S. Department of Commerce (NTIS) was contracted 
and copies acquired on all information printed on the same 
subjects, relative to this report. These two professional data 
sources were added to the already existing library of the Chem- 
soil Corporation in order to provide what we believe to be a 
thorough bank of information relative to this subject matter. 
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LABORATORY INVESTIGATIONS 


The Laboratory Investigation phase of the contract required 
testing of a great number of varying parameters to identify 
which ones were important and which ones were not. Photograph 
1 shows the NASA-CHEMSOIL test facility with the tov^er packed 
to 16 feet. 

In the Once-Thru testing, eight parameters were to be 
varied according to the contract. These included investigation 
of five different sulfur dioxide input levels, six water flow 
rates through the tower, four gas temperatures or reacting 
temperatures, five gas velocities, five detention times which 
were achieved by varying the height of the towers , three bed 
diameters, three packing sizes, and three different types of 

water. Looking at Figure 7, one can see a progression of the 

\ 

nxjmber of possible tests which could have been conducted under 
this contract. It was not the intent to test all those test 
points, but to test a representative number so that smooth line 
curves could be drawn to estimate the values of any of the 
intervening parameters. Through the test phase it was determined 
which parameters did not have to be fully investigated, or which 
parameters could not be fully investigated. 

Table 1 shows that within the contact times and gas velo- 
cities required by the contract and a limitation of 16 feet 
placed in the contract on the maximum height of the tower, there 
were a number of tests which could not be performed. Those tests 


16 





r X rvi 

1 


> '^.t\ 


--V 


9 ' " 

i i^^RPI 


Photograph 







AIR FLOW SCHEMATIC 



TURBINE 




for Instance, at 8 seconds contact time, 3 and 3% ft. /sec., 

20 seconds of contact time and gas velocity of 1, 3, 3, 3% 
ft. /sec., could not be tested. In addition, after testing 
began, it was found that tower configuration was unable to 
achieve velocities much in excess of 2% ft. /sec. because the 
gas velocity at that point tended to hold the water in the 
tower causing water flooding and tests were for an unflooded 
tower, thus testing at 3 to 3% ft. /sec. gas velocity could 
not be achieved under the physical constraints of the tower 
configuration. It was decided by the NASA technical monitor 
and the contractor to test at one, two, and three thousand 
ppm SO 2 levels, leaving out the five hundred and fifteen 
hundred levels described by the contract in order to save time 
and still cover a wide range of SO 2 concentrations. It had 
been known from NASA testing, for instance, that the difference 
between five hundred and a thousand, and fifteen hundred and 
two thousand were straight line curves; thus the information 
gained from one to three thousand was enough to extrapolate 
and interJ>uLate between those points to find the actual values 
that could have been achieved through testing of the five to 
fifteen hundred ppm levels. 

In actuality, although five detention times from one to 
twenty seconds were prescribed, there was a vastly larger niim- 
ber of contact times that fell out of the actual test itself, 
including a contact time as long as 32 seconds. The tower 
dimensions did not exceed 18 feet including the stack which 
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meant a bed depth si 16 feet as prescribed by the contract. 

And tests were performed on three different packing dimensions 
as well as the three different types of water. A test was 
done early In the contract which determined that about one 
gallon per square footage of surface area of packing was the 
minimum flow which would produce reliable results. At that 
point the technical monitor and the contractor agreed to test 
at 1, 3, and 5 gpm per square foot surface area and Interpo- 
late to 4 gpm square foot levels. Tests were run at IlOo and 
1400 as well as 850 to determine the effects of temperature, 
and information could be interpolated and extrapolated beyond 
those numbers. With all of the constraints mentioned and with 
the addition of a series of tests to identify the advantages 
and disadvantages of a distribution tray as a manner of water 
distribution over the pack versus a spray system, the total 
number of tests conducted in the Once-Thru series , approximately 
695. These are summarized on Table 2 showing some 135 basic 
tests with 54 variations on those for 3 diameter tower, 59 on 
the one diameter tower, 120 tests at 140°F, 54 more at 115°F, 

135 tests on various packing sizes, 18 t^^’Ljts on water types. 

For each one of these tests equilibrium had to be obtained and 
12 measurements were taken, all summarized in Table 2. Each of 
these measurements had to be taken at It. st two times to varify 
that equilibrium had been reached. There were some 8200 final 
data points recorded. At least that many more had tc be taken 
to varify equilibrium. 


21 


TABLE II 


ONCE-THRU TEST SUMMARY 


Basic 


135 

Tower Diameter 

3 Ft. 

54 


1 Ft. 

59 

Temp . 140 


120 

115 


54 

Packing Size 


135 

Spray & Tray 


120 

Water Type 
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695 


Each test point measured the following parameters 

1 gas flow 

2 SO 2 level in 

3 water flow 

4 SO 2 level out 

5 tower pH 

6 SO^ concentration 

7 SO 3 concentration 

8 gas temp in 

9 gas temp out 

10 water temp in 

11 water temp out 

12 tower /\ p 


8200 data points 


ANALYTICAL EQUIPMENT AND PROCEDURES 


The following laboratory tests were conducted at the 
NASA test sight: 

1) SO 3 and SO 4 content of the water (done by wet 
analysis) 

2 ) , Fe+2 and Fe'*’3 content of the water (done by 
wet analysis) 

3) the pH of the water (Orion specific ion meter 
with a glass electrode) 

4) the SO 2 content of the gas stream as it entered 
and exited the tower (Envirometrics 200 SO 2 - NOjf analyzer) 

5) dissolved oxygen (Delta Scientific 1010 Dissolved 
Oxygen Meter) 

6 ) Electro-Conductivity (Wheittstone Bridge) 

The following is a more detailed description of the wet 
analyses run in the NASA field laboratory. 

SULFITE 

Titration Method 
Hach Method 

APHA Standard Methods 13th Ed. pg. 337 

This method involves a water sample that must be acidified 
and treated with a starch indicator before being titrated. A 
50 (ml) water sample was used in all cases and 1 (ml) of 1:1 H 2 
SO 4 was added for adicification before the 1 (ml) of starch 
solution was added. This solution was then titrated with a 
Potasixmi lodide-Iodate standard solution (0.0025 or 0.075). 
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The acid releases free iodine which is reduced to colorless 
iodide by sulfite. Once the sulfite is expended, a blue color 
will appear due to excess iodine reacting with the starch. 

Below is the formula for calculating the ppm of sulfite present 
in a given sample. 

Calculation 

(titration) (normality) (40,000) 
ml of sample 

SULFATE 

Turbidimetric Method 
Hach Method 

APHA Standard Methods 13th Ed. pg. 334 

The procedure for determining sulfate is a modification of 
the Barium Sulfate Turbidimetric Method. A single dry powder 
reagent called Sulfa-Ver IV Sulfate Reagent will cause a milky 
percipate to form if sulfate is present. The sulfate reagent 
also contains a stabilizing agent to hold the percipitate in 
suspension for turbidimetric analysis. The amount of sulfate 
present is directly proportional to the amount of turbidity 
formed. Standard sulfate solutions were used for daily accuracy 
checks as well as for the foirmation of a curve which was used 
to determine the ppm of sulfate present by direct comparison with 
the percent transmittance of the sample. 


Ferrous & Ferric Iron Analysis 
1,10 - Phenan thro line Method 
APHA Standard Methods 13th Ed. pg. 189 

The 1,10 - Phenan thro line reagent gives an orange color 
with ferrous iron and is free from common interferences . The 
indicator is combined with a reducing agent for Total Iron 
analysis in a single powder formulation called Ferro-Ver Iron 
Reagent. The amount of fer^'ic iron present can be determined 
as the difference between the amount of ferrous Iron and the 
results of a total iron test. The Ferro-Ver Iron Reagent con- 
verts all the iron present to the ferrous state. 

A standard iron solution was used daily to check the 
accuracy of this method. A curve was developed for converting 
from percent transmittance to ppm iron. 

Sulfer Dioxide Analysis 
S02-N0 jj. Analyzer 

The SO 2 present in the system was monitored with an Enviro- 
metrics Series 200 S02-N0x Analyzer. The sampling port for the 
SO 2 into the system was located at the point where the air 
containing the SO 2 and the diesel exhaust entered the tower. 

The sampling port for the PO 2 out of the system was located in 
the exhaust hose at the top of the tower. The sampling lines 
were run through cold traps prior to entering the analyzer. The 
analyzer was standardized with a standard S02 calibration gas 
daily to insure accuracy. The Envirometrics SO 2 -NOX analyzer 
and the valve and pressure gauge for it are shown in photographs 
3 and 4. 
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Photograph 3 






Photograph 4 




Due to a lack of laboratory space and technltion time 
some analyses were sent to a local laboratory for testing. 
The tests run by B.C. Laboratory were mainly on wastewater 
samples and were as follows : 

1) Coliform 

2) Phosphate 

3) Ammonium 

4) BOD 

5) COD (total and soluble) 


Photograph 5 shows the inside of the NASA-CHEMSOIL field lab. 
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Test Results 


Once-Thru Scrubbing System. Figure 8 shows a schematic 
for the Once-Thru parametric flow test. On the right hand 
side one can see that when raised water temperatures were 
required, water was circulated through a water heater and 
into a holding tank until a large enough volume of water at 
the correct temperature was available for the test. Other- 
wise, tap water was pumped through a flow meter into the tower. 
At the same time gas was being collected from the exhaust of 
the diesel engine, SO2 added, temperatures and flows measured 
through the turbine, and into the bottom of the tower. Sample 
points for the SO2 from the inlet and the exhaust of the tower, 
which are taken sampling conditioner and into SO2 monitor is 
also shown in the Figure. 

At this point we'll go through the test results which 
identify the effects of the different parameters that were 
investigated. In addition to the parameters that were antici- 
pated to be tested by the contract, one additional area was 
investigated in detail. This area is the effectiveness of 
tray distribution system versus the spray distribution system 
that was originally designed into the system. Early in the 
test program it was noted that unless the spray was very very 
accurately controlled, there were large variations in the test 
results. Because of this, a distribution tray was ordered for 
the 2 foot diameter tower. Subsequently, tests were run which 
identified the effectiveness of the tray versus the spray. 
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Figure 9 shows two different sets of test points for the one 
thousand, two thousand, and three thousand ppm Input level of 
SO2. These results are from a two foot diameter, four foot 
deep bed tower, at 4 gpm and they show that there Is a distinc- 
tive difference in efficiency at the low cfm ratings. As the 
gas velocity increases the results from the tray and spray 
tests tend to merge. This trend was evident not only for the 
4 gpm tests, but also for the 9 and 12 gpm tests. Basically, 
only at the low flow rates was there a significant difference 
in efficiency of the two systems. 

Level of SO? Comparison . Because the SO2 level at the 
inlet changes the partial pressure of SO2 in the gas stream, 
there is more tendency to put higher levels of SO2 into the 
water at higher levels of SO2 concentration. This phenomena 
proved to be very reproducable; Figure 10 shows that at varying 
SO2 levels, the amounts of S02 inserted into the gas through 
the scrubbing process was almost a straight line condition. 

Levels obtained from the Chemsoil data were compared in 
Figure 11 to that which had been found in laboratory investiga- 
tions through the years using distilled or deionized water. 

As can be seen the Chemsoil system puts more SO2 into the 
water; however, because tap water was used, high carbonate 
content and thus more apparent absorption is to be expected. 

Table 3 is a summary of the data collected from the Once- 
thru tests put into proper perspective by comparing the L/G 
ratio of the various tests. This table sunanarizes a great 
deal of information. The most important thing indicated is 
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TABLE III 

Once-Thru System Summary Data 

Max. Gas Volume for 100% Removal 

Water Rate 


Temp. 

SO? level 

L/G 

4 gpm 

9 gpm 

15 gpm 

850 F 

1000 ppm 

46 

87 SCFM 

196 SCfM 

326 SCFM 


2000 ppm 

61 

65 

147 

246 


3000 ppm 

72 

55 

125 

209 

1150 F 

1000 ppm 

66 

61 

136 

227 


2000 ppm 

85 

47 

106 

176 


3000 ppm 

120 

33 

75 

125 

1400 F 

1000 ppm 

73 

55 

123 

205 


2000 ppm 

105 

38 

86 

143 


3000 ppm 

135 

30 

67 

111 


SClM/gal. for 

1007o Absorption 


850 F 

1000 ppm 


22 

22 

22 


2000 ppm 


16 

16 

16 


3000 ppm 


14 

14 

14 

1150 F 

1000 ppm 


15 

15 

15 


2000 ppm 


12 

12 

11 


3000 ppm 


8 

8 

7 

1400 F 

1000 ppm 


14 

14 

14 


2000 ppm 


10 

10 

10 


3000 ppm 


8 

7 

7 
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that with Increasing temperature, the ability of the water to 
absorb SOo decreases. For instance, one thousand gpm at 85^F 
the L/G is 40; that is, . it takes forty gallons of water per 
thousand standard cubic feet of gas to scrub all of the one 
thousand ppm SO 2 out of the gas stream. At lAO^F the same 
conditions require sixty- four gallons of water, and so on. 

The lower portion of the table indicates that the water flow 
rates have essentially no effect whatsoever on the L/G, or on 
the ability to scrub the SO 2 from the gas. It was also found 
that the reason these tables can be written this way is that 
there was no basic effect of changing the gas velocity either. 
Within certain limitations detention time had no effect. This 
area will be covered later. Bed diameter had no effect, and 
except in the one foot diameter tower, packing size had no 
effect. At that point, however, it could be seen that the 1% 
inch packing tower and short bed depths did reduce the scrubbing 
ability. A summary of the L/G versus water temperature can be 
seen in Figure 12. One additional piece of information seemed 
to fall out of all of the data, which is identified in Figure 13. 
That with a given pH level, a reasonable reproducable amount of 
SO 2 bypassing the system and exiting the stack, could be measured. 
Down to a pH of about 3 this is quite low; however, there is a 
rapid fall off in scrubbing between a pH 3 and a pH 2.5. Below 
a pH of 2.5 towards a pH of 2, there is essentially very little 
scrubbing ability left in the water, under the conditions tested. 
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A summary of all of the test points is shown in Figure 14 
for the percentage of SO 2 removed from the gas stream at a 
given L/G for the one thousand, two thousand, and three 
thousand ppm SO 2 in the levels. The solid lines show that 
the scrubbing relationship for all bed depths from four to 
six;teen feet are quite reproducable at any gas velocity. 

Tests conducted on two foot deep packing showed an abrupt 
change from the other data, especially in SO 2 removal of 507o 
or more, showing that two feet is less than the minimum bed 
thickness required to contact the gas sufficiently to remove 
the SO 2 . However, once a four foot bed depth was achieved, 
at least in the Once-Thru configuration, there was very little 
if any advantage in a deeper bed depth. Finally Figure 15 
shows a series of L/G lines indicating what percent removal 
of a given L/G would have at various levels of SO 2 at the inlet. 

Data Reduction 

All the data reduction consisted of the same process of 
calculation. Certain corrections had to be made based on 
calibrations of the equipment. Basic assumptions, therefore, 
for the calculations are: 

1. The correction of the gas turbine meter for inaccura- 
cies using calibration data on those units can be found in 
Figures 16 and 17. Figure 16 takes the flow turbine reading 
and converts it to the actual flow through the turbine. 

2. Gas temperatures in all the data were corrected to 110®. 
There was an oversight in the beginning and the temperature 
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TABLE IV 


Basic Assumptions for Calculations 

Correction of gas turbine flow meter using calibration 
data and graphs 
number 1 and la 

Gas temperature in data corrected to llO^F as estimated 
temperature 

a 20°F error in that estimate would create about a 3.5% 
error 

Gas pressure correction based on turbine calibration data 
as shown on Graph 2 

Standard gas temperature and pressure used were 60OF 1 ATM. 

Specific density used was .07650 pounds/cubic feet 

Weight of SO2 in gas calculated from the weight of gas times 

.002133/1000 ppm of SO2 in the gas 

Universal meter flov/ data considered .80 accurate 

Badger 25 meter flow data considered .80 accurate 

Badger 40 meter flow data considered .92 accurate 



















in the turbine was not monitored because it was not realized 
that there was a significant temperature build-up at the 
entrance of the flow turbine. However, later, when a tempera- 
ture probe was inserted, it was found that under normal condi- 
tions about IlOo was the stabilized temperature. To evaluate 
the ' magnitude of an error, it was found that a 20 degree error 
in the estimate would result in error in the air of temperature 
measurement about 3%% error in the amount of gas going through 
the meter. 

3. Gas pressure correction based on the turbine cali- 
bration is seen in Figure 17. 

4. The weight of the standard temperature and pressure 
gas at 60OF in one atmosphere was taken to be .07650 lbs. /cubic 
feet. 

5. Using the weight of S02 gas versus the weight just 
given for gas itself in lbs. /cubic feet conversion ratio of 
.002133/thousand ppm of SO 2 was used. 

6. The universal flow meter data was all corrected to 
80% of actual flow rate. This was based on post-usage cali- 
bration showing that the 807o accuracy mark had been reached 
very rapidly. 

7. The Badger 25 flow meter that was used was also 
calibrated to .80 accuracy, again based on the post-calibration 
measurements. The Badger 40 meter was much less susceptible 

to particulate clogging, and very rapidly reached an accuracy 
of .92, and held that level from that point on. 
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Using that calibration data and going through the con- 
versions for gas flow, water flow, and for the SO 2 equivalents 
of the sulfite and sulfate in the water. Table 5 shows a 
sample calculation that was used on all points. This happens 
to be for test point 31, showing that the weight of SO 2 absorbed/ 
hour calculated from the gas flow was .687 lbs. /hr., and the 
SO 2 absorbed/hour calculated from the water flow was .661 giving 
a ratio of .962 when the SO 2 was calculated from water, and 
then checked against that which was calculated from the air. 

All of the mass balances were summarized. There was a 
distinctive pattern which showed a peak of mass balance ratios 
as was just described, somewhere around 85% showing that there 
was a certain consistency. However, individually, the gas of 
the water calculations, were not accurate within 10%-15%. The 
bell- shaped curve in Figure 18 shows the essential variation of 
the mass balance water to air ratio. 

Summary 

In summation it has been shown that; 1) given the water 
temperature, the gas flow rate, and the S02 input level, a 
proper L/G can be determined for any gas stream, 2) any water 
flow rate above % ft. /sec. and less than 2% ft. /sec. can be 
used in the tower to produce good scrubbing. With the packing 
material essentially .9 free space area in the tower, the above 
information can be used to size not only the tower, but the 
amount of water required for any given gas condition. Trade 
offs between gas flow rates which require varying turbine costs 


TABLE V 


Test Point 31 Worksheet 


SO 2 in 1029 

SO2 out 647 

SO 2 absorbed 382 

Fraction SO 2 absorbed .371 

CFM meter i no 

ACBM 205 

Gas meter temp. 57Q0 

Fraction A P increase vol. .017 

SCFM 184 

SCFH 11.027 

Wt. of gas/hr. 844 

Wt. of S02/hr. 1.852 

Wt. of SO 2 absorbea/hr. . 687 


Bed diameter 2* 
Bed depth 8* 

Water temp. II 50 F 
Water pH 2.4 
Packing 3/4” 


GPM meter 4 

AGPM 5 

LpH 1136 

SO/^ measured 36 

SO 4 equivalent to SO 2 24 

SO 3 measured 300 

SO 3 equivalent to SO 2 240 

Total SO 2 equivalent 264 

SO 2 absorbed/hr. . 661 

Ratio of SO 2 calc, water to air . 962 

L/G 27 
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and the costs of the various size towers can be made only with 
additional information about the specific sight; this can be 
done by any architectural or engineering firm. 


Catalytically Enhanced Absorption of Sulfur Dioxide 
Iftitil this time it can be seen that the amount o£ SO2 
absorbed in a given quantity of water is directly related to 
the chemical make-up o.' the water itself, the temperature of 
the water, and the partial pressure of the sulfur dioxide 
entering the tower. Levels of absorption ranged from less 
than four pounds to around ei^ht pounds per thousand gallons 
of water. Several investigations have fotmd that oxidation 
takes place under certain conditions to convert sulfite to sul- 
fate. Once the sulfate is created more sulfur dioxide can be 
absorbed in the water than wculd be possible with just the 
sulfite conversion. There are two possible ways that the 
oxidation could take place in the over-all mechanism. The 
oxidation could take place in the gaseous sulfur dioxide state 
to form sulfur trioxide or sulfuric anhydride, SO3, or the 
reaction could take place after the SO2 was absorbed in the 
water. If anhydride formation is predominate, it should be 
possible to obtain a fast absorption of very soluable sulfuric 
acid vapors in small quantities of water. If, however, oxida- 
tion takes place only after the SO2 is dissolved, a limiting 
rate of the process is the rate of absorption of SO2 and 
oxygen into water. The oxidation has been found to take place 
in the liquid state. Thus, the amount of water can be reduced 
by catalytically oxidizing the SO2 in the liquid , but the con- 
tact surfact and the contact time are not particularly changed. 
The reaction rate is therefore based on the absorption rate of 


TABLE VI A 


%•* 


Tower Facts 

Note: S “ CFM gas flow 5as 

V ■ Gas Velocity 
D " Bed depth 

( ) ■ Approx, lbs. of gas/hour 


4 

1 Ft. Tower Dia. 

2 Ft. Tower Dia. 

3 Ft. Tower Dia. 

1 

1 S - 20.5 (93.5) 

S - 83 (378.5) 

S - 185 (843.6) 

1 

[ V - .49 

V - .49 

V - .49 

1 

^ D 4 - 8.2 

D 4 « 8.2 

D 4 » 8.2 


1 8 - 16.3 

8 - 16.3 

8 » 16.3 


12 « 24.4 

12 - 24.4 

12 - 24.4 

[ 


1 16-32.6 _ 

1 16 «_3.2._6 _ 

j 16 - 32.6 


1 S - 41 (187.0) 

S - 165 (752.4) 

S » 370 (1687.2) 

V - .98 

V - .98 

V - .98 

D 4 = 4.0 

D 4 » 4.0 

D 4 “ 4.0 

8 = 8.1 

8 » 8.1 

8 - 8.1 

12 = 12.2 

12 - 12.2 

12 = 12.2 

. A6. . 

16 = 16.2 _ 

16 = 16.2 

S = 82 (373.9) 

S = 330 (1504.8) 

S - 740 (3374.4) 

V = 1.96 

V = 1.96 

V = 1.96 

D 4 = 2.0 

D 4 - 2.0 

D 4 - 2.0 

8 = 4.1 

8 - 4.1 

8 = 4.1 

12 = 6.1 

12 = 6.1 

12 - 6.1 

16. - 8.2. .. 

16 - 8.2 . 

16 = 8.2 _ 

S = 105 (478.8) 

1 

S - 420 (1915.2) 

S - 944 

V = 2.50 

V = 2.50 

V = 2.50 

D 4 = 1.6 

D ^ - 1.6 

D 4 = 1.6 

8 » 3.2 

8 - 3.2 

8 = 3.2 

12 = 4.8 

12 - 4.8 

12 = 4.8 

16 = 6.4 

16 = (>.k 

16 = 6.4 
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TABLE VI B 


1 

I 

I 

I 

T 

! 

I 

1 

I 


Tower Facts 
Water Loading Rate 

1 Ft. Tower Dia. . 2 Ft. Tower Dla. , 3 Ft. Tower Dia. 


1.25 gal/sq. ft. 
1 gpm • 


1.25 gal/sq. ft. 
4 gpm 


1.25 gal/sq. ft. 
9 gpm 


2.85 gal/sq. ft. 
22 gpm 


2.85 gal/sq. ft. 
9 gpm 


2.85 gal/sq. ft. 
20 gpm 


4.75 gal/sq. ft. 
3.8 gpm 


4.75 gal/sq. ft. 
15 gpm 


4.75 gal/sq. ft. 
34 gpm 
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S02 into water as well as the oxygen rate of absorption of the 
water. It has also been found that several metal salts cata- 
lytically do enhance the oxidation process. A large number of 
salts have been tested and reported in literature, and of 
these. Manganese and Iron, proved to be the best. Manganese 
salts oxidize very rapidly, however are easily poisoned by 
impurities in water or in stack gases . Iron has been found to 
be rather insensitive to impurities and therefore appears to 
be more practical. Although many subtle ion forms are actually 
created in the reaction, the over-all reaction expressing ion 
catalytic process can be shown in the equations below. 

(18) 2Fe SO4 + SO2 + O2 Fe (S04)3 

(19) H2O + SO2 + %02 H2SO4 

(20) Fe2 (SO4) + SO2 + H2O Fe SO4 + 2H2SO4 

In the actual treatment of wastewater, the predominate 
desire is for equations 18 and 19 to take place, rather than 
equation 20 which produces sulfurous acid. It has been found 
that the concentration of iron in the water, plus the tempera- 
ture of the water changes the amounts of each reaction taking 
place in equations 18 and 20. With the warmer temperatures 
and lower iron concentration favoring the desirable reaction 
equation. 

Results 

A great deal of time was spent pursuing what was thought 
to be the most important parameter in this catalytic test program. 
That parameter was the effect of concentration or iron in the 


5 ^ 




scrubbing solution. Many tests were run with various amounts 
of iron in the concentration trying to show the effect of the 
concentration versus contact time, gas velocity, and SO 2 level. 
Interposed in these tests were rapid changes in temperature 
that were taking place in the environment at the time. And 
although the tower was insulated, it was very difficult to 
hold constant water and gas temperatures in the tower at that 
time. Photograph 2 shows the insulated tower with the packing 
bed at 16 feet. It was found that the water temperature makes 
a great deal of difference in the efficiency of the conversion 
of SO 2 to sulfuric acid. However, because of the rapid tempera- 
ture changes these effects could not be quantified. A number 
of trends, however, were identified and these can be seen in 
the following series of figures and tables. 

Table 7 shows the catalytic test matrix defined for the 
program and the ntamber of tests actually conducted by test 
number. The total could have been 180 different tests, includ- 
ing three sulfur dioxide input levels, five iron levels, four 
gas flows, and three tower heights. Each one of these tests, 
depending on the rapidity of SO 2 removal drop off, lasted 
from 1% to 8 hours. The contract called for investigation of 
three iron levels, but was not specific in the number and 
types of tests that were to be run. Due to the long duration 
of the tests, a great portion of the time involved in testing 
was taken up by 25 different catalytic scrubbing tests that 
were performed. 



test facility 
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Photograph 2 
























During each test, two levels of test point Information 



were recorded. These can be seen in Table 8. The level "a" 
test parameters were measured every five minutes, Including 
water temperature, SO 2 level, the gas flow, the water flow, 
and SO 2 out. These were the main parameters that were measured. 
However, every fifteen minutes, every third level "a" test 
point, additional information was gathered; level "b" informa- 
tion. These included level "a" parameters plus the total 
iron and ferrous iron in the water, the water pH, the sulfate 
and the sulfite ion concentration at the bottom of the tower. 

Table 9 shows the typical data sheet that was collected 
on each test. In this particular case, the test number was 
test No. 5 on October 21. Table 10 is a summary test key show- 
ing the test number, the temperatures involved, the SO 2 level, 
gas velocities, number of test points, the iron level, and the 
duration of the test. Figure 19 shows the test set up for the 
catalytic test program, showing that we had to make some vari- 
ations in the original Once-Thru schematic in order to recircu- 
late the iron, including facilities for adding sodium hydroxide 
in the tests which included NaOH neutralization. 

Attacking the problem from the basis that the amount of 
iron and the amount of SO 2 were the major parameters investigated, 
several tests were run to try to quantify the effects of these 
variables. As can be seen from Figure 20 this did meet v?ith 
some success. Test No. 6, 83 cfm, a thousand ppm of sulfur diox- 
ide in the 16 foot tower, had a better apparent removal rate 
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TABLE VIII 





Analysis Level 

Level "a" 

1 time 

2 water in temp, 

3 SO 2 level in 

4 gas flow 

5 water flow 

6 SO 2 out 

7 gas temp, in 

8 gas temp, out of tower 

9 water temp out of tower 

10 tower gas delta pressure 

Level "b" 

11 same as "a" plus 

12 total iron level in water 

13 ferrous iron level in water 

14 water pH 

15 water sulfate ion concentration 

16 water sulfite ion concentration 
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Gal. 



Test 


Test Key 

Water 

Temp. SO 2 Level Gas Velocity Fe Level 

Level Level 
a b 

TP TP 


Duration 


100 


200 


150 


1 

100-120F 

3000 

200 

40 

20 

1000 

300 min. 

2 

100-125 

1000 

171 

18 

9 

1000 

135 disc 

3 

110-125 

1000 

168 

32 

16 

2000 

246 

4 

110-120 

1000 

165 

46 

23 

2000 

347 

5 

105-120 

1000 

160 

62 

31 

1000 

470 

6 

95-110 

1000 

88 

64 

32 

1000 

480 

7 

95-120 

2000 

165 

40 

20 

1000 

310 

8 

110-120 

2000 

87 

40 

20 

1000 

310 

9 

110-115 

2000 

81 

64 

32 

1000 

485 

10 

100 

2000 

320 

14 

7 

1000 

105 

11 

90-100 

2000 

165 

56 

28 

10,000 

420 

12 

105-120 

1000 

170 

12 

6 

lOOOw 

lOOO-'towei 

90 

13 

100-120 

1000 

170 

12 

6 

• 90 

14 

85-90 

1000 

160 

12 

6 

1000 

90 

15 

85-90 

3000 

83 

8 

4 

1000 

60 

16 

75-90 

1000 

168 

12 

6 

1000 

90 

17 

85-90 

1000 

168 

12 

6 

5000 

90 

18 

85-100 

1000 

165 

14 

7 

5000 

115 

19 

80-90 

1000 

163 

48 

24 

1000 

360 

20 

80-95 

2000 

42 

38 

19 

1000 

290 

21 

80-95 

1000 

165 

50 

25 

1000 

375 NaOH 

22 

90-100 

3000 

83 

12 

6 

5000 

95 

23 

85-95 

2000 

83 

24 

12 

UD 5000 

180 

24 

80-95 

1000 

170 

48 

24 

^8 1000 

360 

25 

95-120 

1000 

170 

48 

24 


360 

26 

100-120 

1000 

170 

42 

21 

100 

1100 

2100 

315 

27 

85-110 

1000 

83 

44 

22 

1000 

330 

28 

100-120 

3000 

83-220 

26 

13 

1000 

200 

29 

100-120 

2000 

309 


9 

5000 

135 


SCHEMATIC FOR CATALYTIC TESTS 
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than did test No. 5 and No. 9, which in essence doubled the 
amount of SO 2 contacted in the tower during a given period of 
time. Whether the SO 2 i?? injected in higher concentrations or 
higher flow rates at lower concentrations showed similar removal 
results in tests No. 5 and No. 9 , as can be seen on the figure. 

Air these tests were done in the foot tower with a contact 

time ranging anywhere from 16 to 32 seconds. However, in test 
No. 12 where conditions were similar to test No. 5, except that 
the contact time was reduced from 16 seconds to 4 seconds there 
is a tremendous reduction in the removal rate of SO 2 . Basically, 
it can be concluded by this figure that within certain limits 
the amount of S02 contacted at any given time is essentially 
equal without dependence upon velocity or SO 2 concentration 
level. However, there is a point at which there is not enough 

contact time in the tower to allow for oxidation to take place. 

As test No. 12 shows, scrubbing is reduced because the iron 
doesn't have enough time to convert the sulfite to sulfate in 
the tower and regenerate the iron. During this time variations 
in outside temperatures began to take place, and we started to 
notice erratic results. It was felt that temperature changes 
were the major contributor to the problem; and in the compari- 
son of tests No. 5 and No. 9, a large variation in the effects 
brought; about by temperature can be seen in Figure 21. These 
two test points are essentially the same except for the water 
temperature. Ferrous iron levels were affected by temperature. 

It can be seen that the ferrous ion level in warm water in test 
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- .FIGURE! aa. 
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No. 5 was about 10% of the total iron level but with colder 
water in test No. 12 the ferrous ion percentage ranged from 
30 to 40% of the total. 

It can be seen that the higher water temperature of 
about 1200 produced a great deal more scrubbing than the test 
which was conducted with water temperatures at 75® to 85°. 
Reviewing the more subtle data the major change that took place 
is the percentage of the iron which remains in the ferrous 
state, the Fe+2 state. This is apparently one of the keys to 
good scrubbing. The high levels of ferrous ion reduced the 
capability of the iron to oxidize the sulfite solution to sul- 
fate. With this knowledge, a great deal of time was spent 
insulating lines, the tower, the surge tank, and everything 
that could be insulated, in an attempt to hold temperatures 
relatively stable, even though the environment around the test 
si^t was changing rapidly from day to day, and even from hour 
to hour as cold fronts came through. The large amounts of time 
and energy we expended on this project produced very little in 
the way of positive results. There was always throughout the 
program a complete reflection of the environment on the test 
program, thus although we can make qualitative observations 
about the temperature, we can not quantify the magnitude of the 
variation in the tests due to temperature changes. It should 
be emphasized at this point that the problem of temperature con- 
trol was mostly one of test configuration with only marginal 
.ability ' i. beat the scrubber water. Power plant scrubbers would 
not have th?. difficulties encountered in our test program. 
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It can be seen from Figure 22 that there is a relationship 
between the percentage of SO 2 removed versus tbs amount of S02 
contacted with water. The problem here is that there is not 
only an Interdependence upon the amount of SO 2 contacted, but 
also a direct relationship with the rate of contact. This param 
eter was not investigated thoroughly at more than one tower 
height so that it ®ay be a situation that could be overcome with 
a longer contact time. It is obvious that the reason for the 
reduced removal at higher contact rates is the failure of the 
iron solution to be regenerated to the ferric state during the 
time the iron remained in contact with oxygen in the tower. For 
instance, the 6.2 lbs. /hr. at the lower portion of the figure 
is contacted at 330 cfm. In comparison with the 1.6 or even the 
3.2 lbs. /hr. line the gas velocity has increased, thus reducing 
the contact time in the tower, because the tower remained at 16 
feet. The difference between the top curve and the bottom curve 
is the factor of 4, thus the contact time went from 32 seconds 
at 83 cfm down to about 8 seconds at 330 cfm. The only points 
which would have enough data for direct comparison were in the 
region of 165 and 83 cfm. There appears to be little difference 
at these points; however the contact times are at least 16 sec- 
onds and it may be that with those low SO 2 contact rates of 1.6 
lbs. /hr. 16 seconds is more than enough contact time so there 
was very little variation j.n results. In other words, enough 
contact time in the tower was available to continue to regener- 
ate the Fe+3 ions. At this point we still considered the con- 
centration of iron in the solution to be a significant parameter 







However, in tests No. 7 and No. 11 were essentially the same 
tests conducted at approximately the same temperature with 
the only major difference being the level of Iron In the solu- 
tion. Test No. 7 has a thousand ppm of Iron and test No. 11 
has ten thousand ppm of Iron. Except for the point at which 
100% scrubbing was no longer achieved one being early In the 
test, the other being about forty minutes, the two solutions 
at 100 minutes essentially have scrubbed at the same rate, and 
after that the solution with high concentration of Iron actually 
produced a lower scrubbing capability. 

Two things were noted In looking at the detailed data. 
There was a significant change In pH. This Is recorded on the 
figure by the dashed lines. You can see that the pH for tests 
No. 7 and No. 11, for the p.ame level of SO 2 removal, are con- 
siderably different with the pH being substantually lower In 
the high Iron solution. However, It was further noted that In 
test No. 7 the percent of Iron that was In the ferrous state 
was only 307o. whereas in solution 11 with the high iron concen- 
tration, 507e to 60% of the total iron remained in the ferrous 
state. It was concluded that iron concentration alone was not 
as imf>ortant as previously thought. 

Figure 24 is a good indication of the reproducability 
which can be achieved with the test set up just described when 
test conditions remain quite similar. This is a busy figure, 
however it attempts to put a lot of information on one graph 
for tests No. 3, No. 4, and No. 5. On the upper left, SO 2 
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removal percentages lower going from about the 60% area on down. 
The pH which is high on the right hand side and continually 
drops. The horizontal across the bottom are percentages of the 
ferrous iron in the solution. The lower left to upper right 
diagonal lines are a measure of the SO 4 concentration in the 
solution for a given time. 

Figure 24 is a busy chart that attempts to show that under 
relatively reproducable conditions the results are also reproduc- 
able. Careful attention has to be made to the scales on the 
left, percent removal of SO 2 , and percent of ferrous iron, Fe+2. 
On the top, the time of the tests in minutes; along the right 
hand margin, the build-up of sulfate, (SO 4 ) , scale and also the 
pH scale. One interesting note can be seen at the bottom of the 
page, where tests No. 3 and No. 4, which have an initial total 
iron concentration of two thousand ppm, end up with higher fer- 
rous iron levels than does test No. 5 with an initial 1000 ppm 
total iron level. This condition which has been mentioned be- 
fore, has been seen throughout the testing, and of course the 
level of SO 2 removed seems also to be closely related to percen- 
tage iron in the solution, which is in the form of ferrous iron. 

With these test results and all the qualitative data 
available to us through previous testing, it appears that rather 
than the level of iron in the solution being the major driver 
in SO 2 removal, the pH and temperature share the role of most 
important factors. Once the level of iron in the solution is 
great enough to drive the catalytic reaction, pH and temperature 
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control the rate. With time running out in the test program 
and the wastewater tests still to be performed, one additional 
test was devised to test the validity of the pH as the control- 
ling factor in SO 2 removal. 

Figure 25 is a comparison of test No. 21 and test No. 19. 
Both these tests were run under approximately the same condi- 
tions, with the exception being that in test No. 21, a controlled 
amount of sodium hydroxide was added to the solution in order to 
maintain a relatively steady pH. The amount of NaOH required 
was calculated based on the amount of sulfuric acid formed in 
test No. 19. The test system was not really set up to add the 
sodium hydroxide, so it was an add-on procedure that didn't work 
too smoothly. A pH controller should have been used but time 
and money constraints prohibited its use. However, the test 
results bear out the fact that the pH is a most significant fac- 
tor. As can be seen in Figure 25, when the pH was raised by 
adding sodium hydroxide, there is an almost one to one following 
of the SO 2 removal with the pH. If there had been more time 
available, a second sodium hydroxide test would have been per- 
formed utilizing a smoother addition of soditen hydroxide. How- 
ever, this was impossible. These test results, however, show a 
direct correlation between the pH and the sulfur dioxide removal. 

Several quantitative conclusions can be made about the 
iron testing, a) above an unknown iron minimum level, additional 
iron seemed to be no particular aid in the SO 2 removal process , 
b) high water temperatures improved the reaction significantly; 
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FIGURE 26 
Parallel Towers 





however, the absolute effect of the Increase in temperature was 
not defined, c) with a thousand ppm of iron, L/G values approached 
or surpassed these on the Once-Thru water system with pH's above 
2.0, d) the conditions which enhanced the formation of large 
amounts of Fe+2 or ferrous ions, such as low water temperature, 
high total iron content in the solution, and high sulfur dioxide 
input levels, reduced the solution's ability to remove the SO 2 
from the gas stream, e) practically no sulfite ion was produced 
under any of the conditions tested, f) again quantitatively, the 
longer the contact time in the tower, the more efficient the 
process of scrubbing the SO 2 becomes . 


Wastewater Testing 

It had been anticipated in the contract that enough data 
would be known about the system, and the set-up of the system, 
to move right into wastewater testing, and finish up the pro- 
gram, However, it had been agreed upon in discussions between 
the NASA technical monitor and the contractor, that two ways 
could be devised to remove SO 2 with the wastewater scrubbing 
system. These two ways were, 1) a parallel set of 
towers, one using iron water recirculation, and the other 
tower, a pure sulfite removal tower as defined by the Once-Thru 
system tests, and 2) a series flow in which all the gas flow 
went through first the iron tower, and then the. sulfite tower, 
or vice versa. The wastewater could then be blended from the 
two towers to produce the right concentration of iron for the 
wastewater treatment. Figure 26 and Figure 27 show respectively 
the parallel flow scheme, and the series flow scheme. The 
parallel tower looked like the most versatile way to go, and 
so using tap water as a scrubbing media, a parallel flow system 
was set up. The 16 foot tower was used for the iron solution, 
and the flow was set up at about 85 cfm. A 6 foot deep bed, 

2 foot diameter tower was set up for sulfite Once-Thru type 
scrubbing, and the flow set at about 220 cfm. The sulfite tower 
can be seen on the left of photograph 6 with the iron tower on 
the right. Because the constraints in measuring equipment and 
in time, those numbers were only approximate. A 6 gpm v;aste- 
water flow through the sulfite tower was expected to scrub about 
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FIGURE 27 
Series Flow 















Photograph 6 
















85%. Recirculation of the iron tower water at 12 gpm with a 
bleed-off of iron solution into the sulfite treated wastewater 
mixture was designed to produce about 85% scrubbing in the iron 
tower also. 

The results of the first tests showed the iron tower 
worked very well, and the sulfite tower worked terribly. A 
mixture of a 90% sulfite tower water with 10% of the iron 
tower solution to form a 100 ppm iron level in the combined 
wastewater, a pH of less than 3 could not be achieved. Only 
60% efficiency in the sulfite tower scrubbing was achieved, 
rather than the 85% that was anticipated. This system proved 
very difficult to control and operate correctly with no auto- 
matic control circuitry. Levels in the iron tower had to be 
maintained; levels in the surge tank also had to be maintained; 
the iron replenishment had to be operated at the correct rates ; 
a blend of 9.5 gallons /minute of sulfited wastewater, and .5 
gallon/minute of the iron tower wastewater had to be maintained; 
and the pH in the mixing pot, requiring varying amounts of lime 
had to be maintained. Photograph 7 shows the pH pot and the 
lime feeder. 

After aeration, the levels of ferrous irons were low, 

.05 ppm, but sulfate was at 40° ppm, and ferric iron in particle 
form was at 15 ppm but could be removed with filtration. How- 
ever tl coliform counts were exceedingly high, showing that 
the pH of 3 or higher was not enough for sterilization. ' 
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The next day was spent converting to the series flow. 

Here again, essentially the same conditions were set up, the 
total flow through each tower being about 300 cfm. Conditions 
improved to remove about 80% total of the SO 2 but again a pH 
of only 2.7 could be achieved In the sulfite tower. Again, 
without the low pH, a wastewater disinfection portion of the 
test was not good, and the test was considered a failure also 
from a standpoint of treating the wastewater. Photographs 8 
and 9 show the series flow set-up and the pH pot set-up. 

Figure 28 shows this test as SWW 1 and was followed by 
an attempt to duplicate the test after checking all of the 
equipment. This is shown as run SWW 2. In this test there 
was 7%% more SO 2 being injected and 5% more gas flov. These 
increases are reflected in apparent lower absorption rates, 
but a higher amount of SO 2 was removed and showed up as a 
higher sulfate build-up. On the second run, SWW 2, a pH of less 
than 2.5 had been achieved briefly. 

With two days remaining in the regularly scheduled test 
program, a run was decided to be made utilizing primary 
settled wastewater under the same conditions as run SVJW 2. 

SO 2 removal was excellent maintaining around 96% at the 200 
minute mark. Correct flow from the iron tower and sulfite 
tower were maintained. The flow mixture of the two waters 
were maintained. The lime neutralization treatment was main- 
tained, and all temperatures were pretty well controlled. One 
problem, however, was that the pH of the wastewater through 
the sulfite tov;er never fell below 2.8, and this resulted agai.n 
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Photograph 9 




FIGITSE 26 
Parallel Towers 







In Incomplete coliform kill. 

The morning of the last day there was still no apparent 
reason for the pH being so high in the sulfite tower. All 

the equipment was checked, and finally the malfunction was 

found. Prior to this time when checking flows, and flow patterns, 
lower gas velocities had been used when checking the sulfite 
tower and setting the spray head to produce a spray that just 
covered the packing media. This is shown in Figure 29. How- 
ever, just prior to reaching the 300 cfm gas flow rate required 
for the test, the spray cone tended to invert. Thus a great 

deal of water hit the side of the tower, and went down the side 

without contacting the packing media. Because a stainless steel 
tower had been used for the sulfite tower, this particular 
phenomena was not spotted during the test runs. Flow rates were 
adjusted downward, and the test was set up to include ozone as 
required by the contract. However, the test day turned out to 
be a diaster with the ozone generator failing before measurements 
could be made; and a number of other malfunctions occurred through- 
out the day, such as leaking pumps, pump failures, and in the end, 
no test data could be obtained. 

In the wastewater test program five different wastewater 
runs were made. Eighty-one level "b” tests were performed and 
one hundred- sixty level "a" were performed with more than three 
thousand data points gained but with very inconclusive results. 
However, some conclusions could be reached; a) even though the 
wastewater treatment facility was very marginal if not inadequate, 
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it was shown that 100 ppm of iron in the final wastewater solu- 
tion produces a good percipitate, b) the series or parallel 
systems could be used if proper conditions could be achieved 
with the equipment, but the parallel system was more versatile, 
c) the parallel system should achieve lower pH*s in the sulfite 
tower, because the SO 2 concentration entering the tower could 
be maintained at a higher level, d) the iron tower could be 
easily operated, and a mixture of sulfite tower water and the 
iron tower water could be easily maintained. 

After the completion of the test program and analysis of 
the data was performed, it was decided in discussions between 
Chemsoil and the NASA technical monitor that a short series of 
added tests would be conducted to better identify the ability 
of the system to produce well- treated wastewater. 

Added Wastewater Tests . It was agreed upon that simpli- 
fied tests could be performed. This was a necessity because 
the amount of test personel was now extremely limited. The 
simplified tests would be done with a 100 ppm iron solution 
in the tower which had previously been the iron tower. The 
test purpose was to try to achieve increased levels of sulfite 
scrubbing with a 100 ppm of iron in the solution. This could 
be done in a full system by adding the 10% water from the iron 
tower, with a thousand ppm of iron to 90 % incoming water before 
it enters the sulfite tower. This single tower test operation 
would eliminate the necessity for recycle and all of the manual 
level controls which had made the previous testing so complex 
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and difficult. The water distribution tray could be used 
rather than the spray, so that the problem of spray inversion 
found in the previous test group would not be a problem. 

The schematic of these simplified test runs is shown in 
Figure 30. Investigations would center around the wastewater 
aspect of scrubbing because it had already been proved that 
the SO 2 removal was achievable in the tower. Four items in 
particular were to be pursued; 1) the requirement to lower the 
pH to 2.5 or less, 2) the coliform kill was to be investigated. 
3) aeration prior to adding lime, as well as post- lime aeration 
was to be investigated to enhance percipitation, 4) the ferrous 
ion and the sulfite ion removal by a post-aeration was to be 
more thoroughly investigated. 

The first test run was made using just the wastewater 
without iron addition to be a baseline. The L/G turned out to 
be 41, about 12% better than tap water which could be expected 
because more constiuents in the water react with the SO 2 than 
pure tap water. Additional runs were then made at 50 ppm of 
iron which yielded an L/G of about 42, a pH of 2.3 was achieved, 
but no significant improvement in the L/G was seen. Another 
run was then made using 100 ppm of iron. The L/G at that point 
dropped to 31, a pH of 2.3 was achieved. This L/G of 31 indi- 
cates about 307o more SO 2 could be added to the 100 ppm iron 
water than the tap water, and 25% more than with the basic 
wastewate Finally a run was made at 1000 ppm, and the L/G 
came back up to about 40 and the pH achieved was about 2.0. 
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It is obvious that the 1000 ppm didn’t particularly help the 
wastewater's ability to remove SO 2 . 

Table 11 shows the results of one of the wastewater runs. 

The wastewater was extremely strong at this point as can be 
seen by a COD level nearly 320C. Results of treatment were 
not spectacular, with 40% of COi.' still remaining in the solu- 
tion after percipitation. The coliform count of at 9.2 
wasn't bad considering the quality of wastewater. It can be 
seen that ammonia reduction was not outstanding, but phosphate 
reduction from 85 ppm to .4 ppm was outstanding. Several modes 
of aeration were investigated and it was found that pre-aeration 
prior to neutralization appeared to aid in producing a better 
precipitate. 

Thus, the next day run was made with a different waste- 
water with more normal values and the results of that run can 
be seen in Table 12. A significant piece of information 
was found at that point; the soluable COD was approximately 50% 
of the total COD, which is extremely high in value for soluable 
COD, Again using pre and post aeration the best aerated sample 
showed significant reductions in COD, BOD, and phosphate, as well 
as the coliform count reduced to a value which is considered 
very good wastewater treatment, less than 2.2. 

Correcting for some of the base line measurements that had 
been made with tap water. Table 13 shows that this final test, 
produced reductions of 757o in BOD, 78% in COD, 43% in ammonia, 
and a 98% reduction in the phosphate levels . All of the results 
were achieved without a good contacting tank design, good aeration 


TABLE XI 



Raw Sewage 

COD 

3160 

Ammonia 

26 

Phosphate 

85 

Coliform 

greater than 

pH 

5.7 

DS 

950 

SO4 

less than 15 


Aerated Sample 
1440 
18 

.4 

9.2 

8.6 

1325 

456 


93 


TABLE XII 



Raw Sewage 
mg /1 

Best Aerated Sample 

BOD 

336 

104 

COD 

642 

180 

Sol. COD 

327 


Ammonia 

17 

9.7 

Phosphate 

12 

.3 

Coliform 

greater than 16 

less than 2.2 

pH 

6.3 

7.8 

SO 4 

less than 15 
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TABLE XIII 


Corrected for Baseline 


Raw 

Wastewater 

m L\ 


BOD 336 
COD 642 
Ammonia 17 
Phosphate 12 


Best 

Aerated 


Sample 

% Reduction 

84 

75% 

140 

78% 

9.7 

43% 

.3 

98% 


